Abstract-Most highways merge at some sections especially when entering a city or a town. Some also, with several number of lanes, narrows down due to infrastructure or land topology. This lead to vehicles slowing down and as a result traffic congestion situation is created. In this project the inhomogeneous LWR traffic flow model was studied to see how it can be used in transport industry, in ensuring that traffic situations in our roads and highways are managed. The set of partial differential equations governing this problem were solved, using finite volume method to determine the wave propagation in the traffic flow at a point where roads merges or diverges. The results of the project were then presented in form of graphs. This model was tested using the Kisii-Kisumu highway and may be extended to other cities and towns. I.
INTRODUCTION
ITH the current modern lifestyle, people are valuing time, efficient and effectiveness of transport and communication. As a result more and more people are buying vehicles. This has created challenges in the sector of transport as most traffic networks that includes highways, streets and other kind of roadways remains the same. Traffic congestion and jams are not only proving to be considerably costly due to unproductive time losses, they also increase chances of accidents and environmental pollution. Several proposals have been made on how to decongest our roads. Some of these include: Increasing the road capacity, increasing the supply of alternative mode of transport e.g. rail transport, ferries, motorbikes and rewarding the transport of more riders per automobile, e.g. expanding bus supply and use in our roads [Martin, 2013] . These methods however have their shortcomings as cost-benefit analysis must compare the discomfort of waiting, particularly in bad weather.
It's a common thing to observe traffic bottle necks in our roads. Traffic bottle necks are disruptions of traffic on a roadway, caused either due to road design, traffic lights or accidents Lieu (1999) . The main consequence of a bottle neck is an immediate reduction in capacity of the roadways. This leads to congestion and hence jams in the highways. Different models have been used to solve traffic flow problems, some of the commonly used models are; LWR model, [Light hill & Whitham, 1955; Richards, 1956] , PW model, [Payne, 1971; Whitham, 1974 ], Zhang second order models multicommodity and the inhomogeneous LWR model. Homogeneous LWR model applies to traffic on a highway with no entering or exiting traffic. In reality all highways have entries and exits. The inhomogeneous LWR model takes in considerations inhomogeneous factors on the road such as, junctions, number of lanes, curvature and slope among other things. It is based on conservation of traffic flow [Jin, 2000] .
II. LITERATURE REVIEW
Traffic flow models have been studied for quite some time. One of the model that has attracted less attention is the one involving inhomogeneities on the road. This has partly been attributed to the complexity involved while solving its p. and Neumann boundary conditions. Hiltebrand & Mishra (2014) discussed entropy for fully discretized shock capturing space-time discontinuous Galerkin (DG) method, for approximating systems of conservational laws. They further designed an efficient preconditioner for larger non-systematic linear system that needs to be solved at every Newton step. Phillipe G. LeFloch (2002) discussed on the theory of classical shock waves, detailing on the formation of shocks and entropy conditions. Here the waves produce when two highway merges to form a single highway are studied. 
III. COMPONENTS OF THE KINEMATIC WAVE MODEL OF TRAFFIC FLOW THEORY
The kinematic wave model of traffic flow theory is the simplest dynamic traffic flow model that reproduces the propagation of traffic waves. It is made up of three components namely; (i). The conservation equation (ii). The fundamental diagram and (iii). The initial and boundary conditions.
The Conservation Equation
The governing equation of macroscopic traffic flow is obtained from equations governing fluid flow in fluid dynamics. These equations are the Continuity equation and momentum equation. Vehicles on the highway can be thought as compressible fluid. The density measured in cars per car length, can vary from 0, on an empty highway, to 1, in a bumper to bumper traffic. We ignore the compressibility of individual cars on major collision, Leveque (2004) . For a section of a highway with two counting station 1 and, 2 we let 1 be the number of cars passing 1 in time △ and 1 be the flow. We also let 2 be the number of cars passing through 2 in time △ and 2 be the flow,
LWR model is based on the mass conservation, i.e., traffic conservation. The flow is usually taken as a function of density, i.e. = . This functional relationship between local flow rate and density is sometimes written as. = ( , ). Therefore equation (1) becomes,
In which = * is the traffic flow rate. This is a first order non-linear partial differential equation. The inhomogeneous LWR model is a build of the LWR model. Here the inhomogeneity function , which is a profile of the road way at the location is included in equation (2.0) and can be written as;
Here the traffic flow rate ( , ) is a function of the inhomogeneity which is a point of merge or adiverge in this case. The equation (3.0) can be augmented into a system of conservation laws through the introduction of an additional conservational law = 0 for the inhomogeneous factor , which leads to
The wave solution for (4.0) is studied using the following jump initial condition,
where and are constants. The initial value problem for conservational law as in equation (4.0) together with the piecewise data in (5.0), having a single discontinuity is called the Riemann problem [Colette, 2012] .
The Fundamental Diagram
The fundamental diagram of the kinematic wave model relates traffic flow with density, as = ( ). It can easily be noted that, when the density is zero, the flow is also zero because there are no vehicles on the highway. As the density increases, the flow also increases, until it reaches the maximum flow point called the critical point. At this point increase in density results in decrease in flow. This continues until the density reaches a point called jam density. Here the flow must be zero because vehicles are lining up end to end. On the other hand, when the density is zero, speed is free flow. The left hand side of a critical point is uncongested (under critical), while the right hand side is congested (overcritical).
Types of Waves
There are three types of waves depending on the traffic situation both upstream and down stream of a critical point. These waves are; a shock wave, a rare faction wave and a standing wave. A shock wave occurs when the vehicles slow down or when they come to a halt due to an obstacle or a bottleneck on the way. This causes an increase in density and hence congestion. A rare faction on the other hand occurs when the vehicles accelerate out of a congested region and the density decreases smoothly. Finally a standing wave, on the road is a situation in which the vehicles are moving smoothly at a constant speed.
IV. NUMERICAL METHOD

Initial and Boundary Conditions
A boundary is defined to be ( , ), representing density as a function of time and position. These boundaries typically take two different forms, resulting in the initial value problem (IVP), and boundary value problem (BVP).
Boundary Conditions
Boundary value problem gives some functions ( ) that represent the density at point = 0, such that , 0 = ( ). Density of vehicles on the highway is predicted using a finite volume method called Godunov. Godunov scheme applies the divergence theorem to the conservation law over spacetime rectangle,
In this method, equation (4) is approximated for cell as;
In terms of density (6) 
V. RESULTS AND DISCUSSION
The graphs for densities, on an initial value problem (when t=0), and boundary value problem (when x = 0) and are shown below. For a homogeneous road, with no entry or exit, the number of vehicles tends to remain constant. The traffic density is smooth as shown in figure 4 . Here, the density along this section of the road raises and falls smoothly due to drivers' instincts and decisions. The density and the flow do not necessarily depend on the road profile both upstream and downstream. For inhomogeneous road, the road profile is not constant. At a section where the roads merge, (at x= 400) the vehicles enters a single road. The average number of vehicles at this section is less compared to the total number of vehicles upstream, i.e. on both links. Since density is defined as the number of vehicles per kilometer in a section of the road, it's noted that at these point there is a drastic drop in density and flow, as shown in figure 5 below. The two roads merges at point 400km/unit length i.e. 11.2 km from the point of reference and stretches for 50km/unit length (1.4 km), before diverting. When vehicles reach this point of merger, they will tend to slow down or even stop to allow a smooth entry into a single lane. As the time goes on there will be a pile up of the vehicles upstream on both links. This is caused by the vehicles behind applying breaks to allow those in front to move. The effects will be felt by the vehicles even far away from the point of a merge. This effect is called a shock wave, and is shown in figure 6(a) . The density decreases uniformly when the vehicles reaches a diversion, this is called a rarefaction. Velocity on the other hand changes with change in density. When the density is low the velocity is high. This is attributed by the space between the vehicle and the one in front, more space probes the driver to accelerate, while less space means low speed. This phenomenon is shown by figure 7. A plot of velocity with density shows that when the road is almost empty, vehicles moves at a high speed. As the density in the road increases, the velocity decreases smoothly. This continues until a jam density is reached. At this point the velocity is zero as the vehicles are not moving.
VI. CONCLUSION
The application of the inhomogeneous LWR was studied, using sections of the highways that merge at some section and diverges at another. It is noted that the flow in highways is dictated by conditions upstream and downstream. When the downstream is congested and the upstream is not, the vehicles tend to slow down and the wave moves backwards. When the upstream is congested and the downstream is not, the vehicles tend to increase the speed and the wave moves forward. Velocity of the traffic therefore depends on the density on the road. The knowledge of traffic situation on the roads can be very helpful to the transport sector, as it can be used to decongest the roads. This can be done by designing new routes to and out of a city/town, expanding the existing ones or introducing alternative means of transport like railway, and high capacity public vehicles.
VII. RECOMMENDATIONS
For further work one can look at a situation where we have multiple numbers of inhomogeneities. This can be done by:
(i). Considering a section of the road with several roads merging to form a single lane. (ii). Two roads merging to form a single lane but at several intervals.
